The New Madrid seismic zone is one of the most seismically active regions of eastern North America. It is a small region, distant from any plate margin, and surrounded by the relatively uniform crust of central North America. For these reasons it provides an unusual opportunity to pursue earthquake prediction research in an intra-plate environment.
Introduction
The New Madrid seismic zone includes portions of southeastern Missouri, southern Illinois, western Kentucky, western Tennessee, and northeastern Arkansas. It is characterized by a high level of seismicity occurring over a relatively small area and surrounded by the stable crust of the central United States. The concentration of seismic activity makes this region a very convenient one for earthquake prediction research.
We have, until recently, concentrated on determining spatial patterns of seismicity and velocity structure in the region.
These have provided important input to our program of research on precursory phenomena which is still in its initial stages. DEVINE, 1974) . The shaded area indicates the extent of sediments of the Mississippi embayment and the rectangle delineates the region beneath which the 3-dimensional velocity inversion was performed. HADLEY and DEVINE (1974) have described the seismotectonic characteristics of the New Madrid area (see Fig. 1 ). Numerous faults are present in the northern portion of the region. Further south, however, any faults are covered by sediments of the Mississippi embayment, a broad arm of the Gulf coastal plain. The great majority of earthquakes in this region occur beneath the northern portion of the embayment.
The following sections will discuss the spatial seismicity patterns and velocity structure in the New Madrid region. Attempts to observe precursory velocity changes, and a research program being developed for monitoring possible precursory stress changes and tilts, will also be described.
2.
Spatial Seismicity Patterns
The coverage of seismograph stations in the New Madrid region had been sparse until the summer of 1974, when a network of vertical, short-period instruments was installed. Since the installation of that network, much has been learned regarding patterns of seismicity in that region (STAUDER et al., 1976) . Linear zones, presumably corresponding to active faults have been discovered for the first time (Fig. 2) . The region of most intense activity occurs along a narrow linear zone extending over a distance of about 60km between points near the stations DWM (Dogwood, Missouri) and GRT (Gratio, Tennessee). Another linear zone extends in a southwesterly direction from the region of most intense activity into northeastern Arkansas. Although other linear zones may exist, much of the remaining activity to the north and west of the linear zones appears to be randomly distributed.
Velocity Models
Two plane-layer velocity models have been obtained for regions which include the northern portion of the Mississippi embayment. MCCAMY and MEYER (1966) interpreted a long seismic refraction line, whereas MITCHELL and HASHIM (1977) obtained a model which explained the travel-times from local earthquakes to the network stations. The two models are very similar, and include three crustal layers above the mantle.
The methods used to obtain the above models preclude the possibility of detecting lateral variations in velocity. However, a recently developed method (AKI et al., 1976 (AKI et al., , 1977 does permit the determination of three-dimensional velocity models by inverting travel-time residual data for teleseismic P-waves. The method utilizes a plane-layer starting model, each layer of which is divided into several discrete blocks. Generalized or stochastic inversion theory is used to obtain the variation of velocity in each block from that of the mean velocity in each layer. Resolving kernels and standard errors can also be computed for each block. MITCHELL et al. (1977) used that method to obtain a three-dimensional velocity model beneath the New Madrid seismic zone. Their starting model (NUTTLI et al., 1969) appears in Table 1 and the result of one inversion appears in Fig. 3 . Positive numbers (percentages) indicate velocities which are slower than the mean velocity in each layer and vice versa. The variation within each layer amounts to about 5% between highest and lowest values. The standard errors for this inversion are consistently between 0.2 and 0.3 for every block. The resolution is poor for the crustal layers, but quite good for both mantle layers.
The most interesting result of this inversion is that a zone of low velocities extends from near the surface to depths of at least 150km. The velocities appear to be about 5% lower than the velocities in the surrounding rock of each layer. Since the average velocities vary from 6.15km/sec in the uppermost layer to 8.37km/sec in the deepest layer, the velocity values in the region of anomalously low velocities must also increase with depth.
Precursor Studies
During the next few months much new data relating to precursory phenomena in the New Madrid region should be available. The sources of these data are discussed below.
We have attempted to observe velocity changes prior to the earthquake of June 13, 1975 (magnitude 4.3) which occurred in the region of intense activity near LST. Differential P-wave travel-times from local earthquakes to various station pairs were obtained over a period of several weeks before the earthquake. Our sources were small earthquakes which were located in line with the appropriate station pair. The plot of travel-times versus time which we obtained exhibited fluctuations from the mean of as much as 20%, even during times when no large earthquakes occurred. We concluded that the fluctuations we observed were due to small mislocations of the earthquakes used for determining the differential travel-times. It is apparent that velocity precursor studies in the New Madrid region will require a much more densely spaced network.
The New Madrid region is currently being instrumented to observe phenomena related to stress changes in the crust. Figure 4 is an enlargement of the zone of most intense seismic activity. An array of tiltmeters being installed by W. Stauder and S.T. Morrissey is distributed through the zone of activity. In addition, we are planning to install three or more pressure transducers at widely spaced points in Reelfoot Lake to monitor water level changes associated with crustal tilts. We hope in this way to obviate difficulties due to ground water movement, slumping, and other local phenomena, which might affect single-point tiltmeter sites.
In addition to installing tiltmeters, we are currently installing pressure trans- ducers in two deep wells, one at Marston, Missouri, and one at Ridgely, Tennessee (see Fig. 4 ). These wells should provide data related to possible pre-seismic, coseismic, or post-seismic water level fluctuations.
Conclusions
The New Madrid seismic zone is one of the most seismically active regions of eastern North America. It is a relatively small zone surrounded by the stable crust of central North America.
The great majority of earthquakes in that region occur along two linear zones, one trending north-northwest and the other trending southwest. These trends probably correspond to subsurface faults which are covered by the sediments of the Mississippi embayment. Other linear trends may also exist, but much of the activity seems somewhat random in nature.
A zone of low seismic velocities occurs in the crust and upper mantle beneath the region of most intense seismic activity. The velocities in that zone are about 5% lower than they are in the surrounding rock.
The small area and the high level of seismic activity in the New Madrid region make this a very favorable place to pursue earthquake prediction studies. Velocity precursor studies done for this region have been inconclusive, but additional studies should be pursued if a closer station spacing can be achieved for the seismograph network there. Possible precursory changes of the stress field in the New Madrid region, as inferred from tilts and water level fluctuations are beginning to be monitored.
